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1 

r. raffia* k y bmiJfao . 2 um£K> h 

£ffifciJK&6 r t 3ft ill U.f5i&t^fL* 

6 C t ft S« 3ftif 1 

[iS3ft*I4] ffjia^ h 7^^60*1^, 4jum~0. 5 
ju raCO^S^^-r^ ^ <h & WWLffZn>RT9. l7b^3<D 

[i»*3S5] ButB*fei&Jil^. Ti, V, Zr, Nb. 

7n*£:<a tf*{fc*K BN, SiC, A 1 N CO ft c7)/> ft < 

^ ^ h 7 i ^M^r^tsi i win 

»JRi:*±*cOpMS^*¥a»#iitO*®i-, ^copftij 



(2) 4#Hg 2000-4063 

2 

[i*3ft*BS] fltl IE S 2 WlgCio^t % x^f-y^ 
[Ifjftig9l ftfllSS 1 W§t:^^r, pttJ^v^ 

[Wsftgtio] ffifasi coxstc*5t^r, f£ i coi^fi 
[it jftii i i ] mzm 2 co«:»i^^ s i mtmj$v<r> 
im^mi 2] mmmi <7>&nm*s \ <nmit&)£ v 

20 t£ n , fflfSlB 2 O^r^^fi T i , V , Zr.Nb.H 
ilr^^tt, ^TtlSBN, SiC, A 1 NOF^^> 

1 0 0 0 1 1 

imm±.<nmmftm] *mm\%mkm*m>ft (1 n a A 

lbGai- a -bN, 0<a, 0^b, a + b<l) ^"9^-5^ 
[ 0 0 0 2 ] 

Lfc (ICNS'97 fffiM, October 27-31, L997, P444-446, 
SWpn. J. Appl. Pbys. Vol. 36(1997) pp. L1568-157 1, Pa 
rt2,No. 12A, 1 December 1997) a l^^ilT 

^-77^71^1:, %Kftmcl&f&£titz$ i O 
2 ^£frlsXm$l&&$thfz n -G a N J: D *5^-ft:«3 

Ji^ffi»aiS$ixr?fcS 0 (l$^EI^Jpn. J. Appl . Phys. Vo 
1. 36#&) 
[ 0 0 0 3 ] 

J , A. P. \Z7Ti£XlZ)m£&&W\ LiTfcS. C(7>glt^ 
TF-Ti: 9 tC^^CO L/ — •fm + 'efo p — A 1 o. 14 G a 0 . 86 
N/G a Nc75®^^^i^J: "9 #5 p fflil ^ 7 ^ KJi ip- 
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[0 0 0 4] L^L/^^bS i0 2 J:^^feigli, 
tiffin* Baffin Jt#-f- 6 Jl^S^^So pW?9y 

[0 0 0 5 ] — tiM^i£i:o^r, ;* h 7 7 

S i0 2 ^^^tLTSfflfSt, ^ 7 ^ KJBii^o 
[0006] ^ot. *«Sos«tt5ir^fi, y 

[0 0 0 7 ] 

KB©±IC, m2cDpM^-ft^*^*^^tf p(M'J^>^ 
? hJIrt**j(JI£iv ^oopftj^v^ hBffiiJ^^b^is/^ 



(3) 2000-4063 

[0008] &mm<n ^ — -tKss^-r-tt, utiles h7^y 

Jl75fa 0 . 2 jc/ mj:n SffiflJJfr- &> 6 r. £ £#H£ff £ f 
5„ 

[ 0 0 0 9 ] BflsB^ h7^ ^OtfflffitilJgKLfcS 

BSffi#2/3^T£*L<{g:TU #^f^?£ L-t\ ft 
^iiTl^Tili, ^rco p ftij^ ^ y KJS£GOfl-ffi£:*§ 
0. 2 W mtli, ffIIB#ffiA*b, pftiJt^TyKJi^o. 

[ooio] ^ h\--Mm^<D u—^m^xn, mm* h 

SrWW^-t-So ^ (btC^f^ L< tt 3 ju m- 1 ix mtCp^ 
*fc0. 5 u m J: "3 * , ^h^Y^co?f^^^ 

[00 11] Ifelg^ltll Ti, V. 2r, Nb, 

Hf, T a J; 9 ^£1#7^b3l^£iafc'>^< t t>— Sco 
TC^^'&tfSfe^fe. BN. SiC, A 1 N(D^(0^^< 

r, H f cogftffc*, BN, SiC^l^o ^SiC 
li^^s^^, iff^)PVDicj;6SlTl^:7^77 

[0 0 12] *7t*^WOU-if^^-(^mtag^^-ffi 
li, f l w pSS^ftM Mttr 7 ^ KB^J: 

^g^L/c^, ^ p lij ^ >' ^ ^ h /l^^ffi^ , ^ h7>{ 
^(^IBi co^SJK^^-rsm l coxSi: , M l <Di% 

^tt6f 2 co^mm^, ^ b y -cz/m^^mmRv 

It, W8B«2<7)«lSJR^*JiJg<75pS^{t*^#Ji 

[0013] frmm<Dm>mmtfijj : mxn. mmm 2 ox 
5(? m^fatc^o^r, Tffiaaa^ ptti^v^ h®*rsio. 
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[0014] ^7t, mumcox.m^i^x , ^y^^ 

[ooi5] ^ fc*5&Kco«ffi^j«;*-feT-w, Stjfeni 
(cm i (D^mm^m^ u i ^f*»JK<z>_Li-j* 

"TSXSIMJ; 19 . mi o«*JR^^jSi-S^ i^r^l*^ 

[0 0 16] i/L^^T-ft, WtJlSmi (7?X*iirA5^ 
T\ m 1 0««m«r y ^ h^-^te(cj: 19 5 r. i: £ 

[0017] £ fete, mi tem 2 co s i BMfc*^ 
^cojlfe^W^J: 19 ft 6 i: 3Bi coffin 

^ urtt, s i (DWtitmt Vtev , fuiem 2 Goftfsjujs 

Ti, V, Zr, Nb, Hf, T a ,£ "9 ft 5 *b5SlR 

N, SiC, A 1 NOF^CO^ft < £ t> — S^raStR ff 
2 co^fgS^ LT\ HC^Kinr, H f (Dfflgjfc 
B N, SiCS:|^5 B Ill <7>«»JR£3I 2 

[0018] 

^x^r-iim i (c) io^-fct?^ sjuiic 

Mpll^y^ h/I l 3 oXtcx h7Y ^«com l o 
<*fSJB6 1 WfilctSo 

[0019] mi C0«BJg6 1 tt, W{Cite«ttlSPp^ 

^tf^coj; A <^ ft #j:ttfs (s i 

#>M, 12 <7>«»jkj: 19 t^LrM^^tt^ 



(4) jftgg 2000- 4 063 

e 

^ L<fli\ ym^M Lxmm i^^-r^um 

* h 7^ (W) i:LTfi4^m—0. 5ym, Si 

L< 13 3 ^ m — I v raClSt6, m 1 «7>f£f$JIg6 1 CO 

[00201 01(a), Cb) l^^lfBm 1 ff>«»Hg 6 

i ^^j^^sfc^o*(*w>!cxM*^-r>bcoT-*>5c in 

Hi (a) U^-fJ:?^. Sio»8JI6UpiB! 

/<? =r>-^^ hll 3 co^gjot^f^^f^/S L, &f::^co 

mi co«i9)K6 io_htc^ h 7^/tt«f 3 (D^is/ee 

3«:Mt5o -toft, [Hi (b) ld^-TJ:5(c. -^co 

(c) iC7^-r^5^-x zf^^mKom^me 1 * 

^ [0 0 2 1 ] l C c ) (c^-T J: 5 h7^f ^t^c 

^-^ifer-^. h ^vt^m i co^^^^j^^-rs j: »9 
fltriaia i (a) , (b) 3 tc^ v^t^j: 1? 

[ 0 0 2 2 ] ftC^ajwf 2^lir*^ll (d) 

/TtJ;5^, m 1 <^«r»jii6 1 ^r^br. i^mi^f^ 
^6 1 i^ja^nrt^Jtet^^co p«j=i >^ ^ hii 3 

t<Dm^^mi^mx±^>xhx^\ m 1 tc^-r^jr-i^ 
40 p nin cdt^^ p$J^ ^ ^ 1 2 co 

pw*^?? bmijfao. 2 n mx 19 t>sfiiii 

^^3l^Lrif)T^^7^F'liol^l, 

^ h y ^^r.coT^ffi^ 19 t>Jbtc-T<5 ^ , ^-y^ 

5(9 -f-^cor-, ±SS«J:a^J;^ 8 ifc, p«J^7^K 



T 

[ 0 0 2 3 ] — ^T, £ f~m 1 Mte^ It l^ftl^, =r. y 

[ 0 0 2 4 ] ^ j/^^^^S:^ LTIt #'Jx.f;fc*R I E 
(S^tt'f^-V^y^^^) <OX. ?ft K7>fx y f^/ 

5»H7)«aJK4:^5'f>^i - 5(-(i, CF 4 <^£5ft 

vmik&m^fox'&<m^bkix^z>> ci 2 . cc 

l 4, S i C UW^J^aSS^^^f^Si:, Si 
[ 0 0 2 5 ] ^(^m 3 «Iit*li. Hi ( e ) \Z.7jk-f£ 

1 et-ii, piBi^7yKBi2) o^e^tt^-t^. 

» 1 <7>«S]|g6 1 12* 2 60««J!S6 2 £ J|/j;S*m<fc "9 

^£r, Wx.fi^^Kt^tSi:, ftoil (f) Sot; 
"Tct 5 ft, pI^ 7 y KJg l 2 o^ffi<h ^ h ^ ^cotfjj 

^ ^ 3/ KJB 1 2 o_h(c*^— ft«J¥T-7#jS;T-# 5 jfc*i>, JiH 
ffi<DM<Phm±^?£< ftS* ft&, »2 0Iittt^r 
7t£>, Hi (e) r*(im2CO«»JR6 2 1^: p«iji>^3/ K 

y^^ h ^LfclrtMM^I<:M^ii6I 

[0026] m 2 <Di%mm?>tfm t ims i o 2 em 

L< 1ST i , V, Z r , Nb, Hf, Ta 

BKfc*, BN, SiC, Al NO^^>4< it-ftf 

MfR-tZZ b&M$ L< , ^O^T^Z r . H f 

ft, BN, SiC«rfl^5ct^«Cff*l^ Ctitb 

JB ^ ITS i 0 2 J: "9 tA^ft 9fS«gtt^i«< ft£«ftn^ 



(5) 4#Bf! 2000- 4 063 

s 

ft >9 i^T*, K^fe^»JR^#fe«tt(c^-rsff*Btt 
^^F-f-^t ft "9 {' < t^ffiHc&Srt^ *5g^T-aStR Lfc 
fiis-^^cop vd, cvDt:J:5^«, bn. Si 

c, AiNiis imit^x^Q h^mmz.M^xmmm^ 

0 (7? S i C£Att-<Dh<D) & 

mtK~fz>b. is—^m*<Dm.ftThfymk^xftie;{z.m& 
•rzt. s i mt^^Mt-x, yym^x^m^^^^- 

f-^by^m) , Rximicoizmme i^mm^jMmis 
xffi&i-zt. v ? h^-7ffi(ct 0 . mi £>ffc»jm6 1 

£>^£Rfc3r-f , g| 1 (f) tc^-Ti:9ft, ¥ffitc*J- 
[ 0 0 2 7 ] *C*^|^S4 CDlS-C-fc:, 11 { f ) 

li (g) fc^i-«t5(-, l2«Mi6 2 £ P iR'J^> 
^ VM 1 3<7>_LM, -tcopttJ^ h/I^^^fc 
S^bfc p m^^^^i^^o ^^p^r-l^:, 5fet^3B20{% 

[0028] M^ft^^U'-if^^-r'^, ^ h7^^ 

«#i:©iRtt^iBa$K5tft, m\<D%mmb\^ 

X S i 0 2 ^ffl^ htlZ> a IMWbS i02^^f 

£S i 0 2 WW^t5 <h , SlO«1SJB!t£>aStR 
^^r^^^>^Lft^7t^, IS2 60<%»JIS(i, ^f^ft^ 
[ 0 0 2 9 ] 

^^^(c^itft^f^T^^Lfci^o^^^-rt>^r-^ 

[ 0 0 3 0 ] (Tii2) 1-Y^^<f>. C®$:±®i:-t- 
5t77-f7J;D ^SftSIfi 1 $:MO v p E^i^^if 
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£A (TMG) , 7^^-/ (NH 3 ) SrJfH\ GaN 

IrJcf ^^6 0 '^^tBjSS^ l^l 0 5 0tCL 
T. fp] C< G a NU >9 ^^Ttfel 2 ^4 /i mOgJfT^ 

[0 0 3 1 ] («»I3) TJftJiJ*R«, 
^ff>I 1 0 ju m, * K 7 -fZffflm (MM) 2 ^ mCO S i O 

6. «^aril W^SHt^* (s iO 
x) , WfctrJm ( S i x N y) . K-ft:^^ v (t i 
o x ) . K^^^ — (ZrO x ) m<n>Miktfo. 
£fcr.*i,ibcD£BJB£>fti, i 2 0 0t:^±coM^ 

tK ^L<{MlL(:<i^f?:^LTt^6o ft&r.O 
[ 0 0 3 2 ] (M^#»*a#Sffi4) ^»«l^fK«:, £ 

^losotcir, tmg, ry^-r^i^, t>- 

K-^G a NJ: 19 /«CS^ft:#l¥«1*Sffi4 £ 2 0 mO 

156)5? 1 0 5 fi/cm 2 J^T£Tif£lB 2 Mfcfc« It 2*fr^_L'> 
[0033] (n«|3>^^ hi5) ftl:, T >^-T 

1 co±tc i050t:-esi£3xi o 18 / 

cm 3 K~ yLltGaNiD/iSnllnV^ hS5^4 

[ 0 0 3 4 ] 7 s> ^BSltB 6) TMG, TM 

^8 0 0°C(:Ln n 0 . 06G a 0. 94 N J; 9 5 ^ 7 ^ ^ 
KlhB6£r0. 1 S^mOglt^f ^ii-S 0 ft£S, C 

[0 0 3 5] (nttij^ 7 ^ KB 7 ) 1 0 5 0t 

t'TMA (h^f^T/K-^) , TMG, 
~T&m^. 7yK"^Al 0 .i6Gao. 84N J: 

A£lh*t>T\ v^V^^U S i £: 1 X 1 0 1 Vera 
3 K-7 p ljtniGaNi;0^6l^2 5J->y*X h u 
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ttJ ^ 7 ^ K B 7 £ ■£ £0 

[ 0 0 3 6 ] ( n ttij^fe^-i' KB 8) JBct^T, ->7^;tfJ* 
Srlt*^ 10 5 OtT/y K — ~/G a N J: V ft 5 n«J3fe 
^-1' K|8^0. 1 y rnCOJKiST-jSS^-^So ' CD n ttj 
3t;*M KB 8 CnS^FMfcS: K-^LT t>^t\ 

[ 0 0 3 7 ] (S-f^SO) tai*8O0tlcL 
"C, Si K-^ I no.osG a 0 .95Net 9 ^ 5 BEI^B * 1 

tr\ TV K-^i n 0 . 2G a 0 . 8 Ni:^^^i?:4 

H3 8 0^y77h * — A^SSc^*/ 5 **! (MQ 
w) <73ffittB£j*S£-t*:So ffittBte#*lfe#Jff>«fc 

i\ ^^KiiBic<7>^nS/^3S5fi*3Sr K — £ BBfiitf* 

[ 0 0 3 8 ] ( p IRU -V y'/m 1 0) ^1^:10 
20 5 0°C{Cjbfrt\ TMG, TMA, T t^^ — T „ C p 2M 
g a-^V^ v>rc -yl^^ >-r> j±) &%]\,\ p (|IJ 

3^if^ KB 1 l J: •? ^^^v K^-v yy^^^=¥ — d^ir 
t\ Mg ^ 1 X l O 20 /"^ 3 K^ltplAlo.3Ga 
0. 7N J: ptt'J** ty^M 7 & 3 0 0^->-^^ h n 

[ 0 0 3 9 ] ( pfiy^^-i' KB 1 1 ) tfjc^T C P 2M 
g, TMA^rih^, lOSOtT', > K ^ -r ^ 
/u-^— ^ p iU^r^ ^^B 1 0 X K> *>/bM\ 7yhW 

G a N £ 19 ft 5 pflJJ3t^V Kil 1^0. 1 ja mCO^^ 
30 X'tftM 

[ 0 0 4 0 ] ( pfflj^ 7 5/ KB 1 2) Stl^r , 1050 
tt'TV K-^Alo. i6Ga 0 .84Nct^jJ5i4:2 5^ 

TMA^±^, T V K — ^G a N X *) 2 5 

t&^ii: D ftS pftfl^ =7 y KB l 2 5. p MJ 

^ 7 ^ KBii'>ft< fc-^-^A 1 &$ttmitm*mft 

40 liv^-ftt^— ^o§(;^< ^t>*j>5fBK 

Cct 5tc h-T'LTtl^, ^yFlUli, A 1 £ 
-atr^-ft^^ag^/i, jf* l< liA 1 X G ai- X N (0< 

x<D ^^^m^t^-m^t-f^ c l< , 

(C^^ L< I^GaNi A 1 GaNi ^r^B L7t««^-« 
v\m? 7 y KB 1 2 £ffi«^-«i££-*-<5^ 

r-^or-, KiiflEosnf^/j^<4!?. s 

bic^^ K ^> s/^^^/^^r — < ft^co^, HAS 
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[ 0 0 4 1 ] (ptt'J^V^^ hJi 1 3) 105 
Otr*, p WJ^ 7 y KJi 9 £>_hM. Mg £ l x i o 2 V 
cm 3 K — ^"bfc p 1C» a NJ: 9 /.£ £ p m > ? ? h|l 

hiil^p MO InxAlyGai-x-yN ( 0 SX. 

O^Y, X-fY<l) T?*j5)t-t--5r.i^-e# 4 #£L<te 

tt^^r^riti" S*t*&>£GOt*, 1X1 0 1 Vcm 3 J£!_b<7) 
U TSUitS C tfrMt. Ll\ lXl0 17 Xcm 

[ 0 0 4 2 ] £*±go J; 9 K Lrg^^ft^M^ 

RIE (S^tt^^-^^s/^^-^) M^SiCl^ 
J* nftij3 >^ ^ h/f5CO*S£rMft£^£ Q CO 

[0043] m^&&<onmffif&^mz.^^Tnn't 

& a ^-f, Hi (a) (c^-TJ:5(-, tii^pfl^y 
^ ^ f-Ji l 3 cofif^Etc, PVDgf CJ:^ Sil 
ft: #3 <±£ tr, s i o 2 ) J: 19 i o»»jgi6 i 

S» 3 6 3%, * h5->(zfm2 ym, i?£ 1 ix 

[0 0 4 4 ] Eli (b) ic^-Tcfc plcf 3«M 

!6 3Mf, RIE (S^tt-Y^^^s/^V^) 

^h^^^t^:<!:{a^ Hi (c) t£^-f£5 

(C pfflj= ^ h @ 1 3 GDjbtc;* h =7 << T/ffi 2 tf mGO^ 

[ 0 0 4 5 ] Sfefc:, 11 (d) tc^-#*J:5(c, 
-f^^f 1 0^1S^6 MR I E «t 9 S 

i C 1 4#^^£H N *^\ p«J=i >^ ^ hll 3, *3 «fct>* 

#;£H 2 ic^-TJ: 5 tof^if^ t , *t^~ K 
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[ 0 0 4 6 ] Uyy^ h7i:/ffMf, ^&PV 
DgiCML. Hi (e) {ZTF-t&oiz.. ZrBHfcfe 

(±HTZr0 2 ) «t "9/^5® 2 60*RJR6 2 % 
lOftSJRB lOJb^, tJBtti^iXfcp 
IBO^ 7 5> KB 1 2 <7>_b{C 0 . 5 ix rnCO^-eiM^L-r^ 

[0 0 4 7] ^2(7)r!lfl6 2?fMf , a^60 
3 0 0 t&Jb, L< 4 0 0°CiU_L, mi^^ 

8S*<o»«pis.jt^T (i 2oo°o -e^^s-rsr <»: 

J: 9. ^2 w«9B^Si (73/ 

[ 0 0 4 8 ] r)x»/N$:7!yKi:§»L, Hi 

(f) (Ot^J; 9 iC. f I«i61^il7^7^ 

[ 0 0 4 9 ]#acHi ( g) tc^-TJ: 5 ic. ptfjj^^^ 

^ ^ h|l3 0_h(7)fg 1 O^rlfme 1 fl4|&3r£ih,TaSfctS u 

fc^r^pttJ^^^^ h«co^®*CN i/Aucf5^5p 
^i2 0$:Mt6o Ilpli20lj:i00ym^ 

[0 0 5 0 ] £5 2 <D%mf&ffif£$k . — ^«ttS ^ 
n«[|=f ^ h* 5 O^S(C{^T i/Al i:^£5n 
S*2 1 h 7-fy^?lT^^^]T«t6o 

[ 0 0 5 1 ] J^iiOj: 5(CL-r, nlii p^1^<t^:Jf0 

b^-^KBMU WMffi (1 1-0 0®, Tt^^co 
b b b ^)iII:ffiit5ffi = Mi) ^ * S« % ftM-t 6 o 

*««ffitc sio 2 ^Ti o 2 J: ^ K&mnw&mm&m 

2 Ictf-T^: 5 fcu— fi^^t6 0 W*S8SW:3 0 

[ 0 0 5 2 ] IWl/^f^^t-hi/y^CEtL-, 

-<fMWk£¥:^tzt r 5, »!4 0 0-4 2 0 n 
^ m, ^MM^^^2. 9 k A/cm 2 (Cio^T^^^^ 
«£r^Lfco ^ ^(^ttSicfli^iitf T£±JA«:±tt\ 4 0m 

[ 0 0 5 3 ] — m 2 OftgK^r S i 0 2 ^r Lfcfife* 

[0054] [maw 2] mmm 1 fc^^r, ^ h 

^^K?»fiS:«, »2^S16 2*^ja-t-S8R^, p 
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[0 0 5 5 ] [HJfeff'J 3] HSgfliJ 1 IZ*3l^T, * h -7 

S2^«6 2^Mt» 1 P 
VDgft', Hft{tl5 (±HTHf0 2 ) £0. 5 

[ 0 0 5 6 ] [Hffiffij4] USEfl&Jl l-*3^T, ^2c75^ 
[ 0 0 5 7 ] [Hlfcff'jS] H2feW 1 tC*5t^T, f5 2CO{£ 

(i^irTio 2 ) &o. 5 um^mmxmm^xB 

[ 0 0 5 8 ] [H3fc#ij6] ^»Jli^fc^r, f£2c7>{£ 

[0059] immmn nmmnz.m^x. m2<o& 

10 0 6 0] [H3£#'J8] USS^J 1 t^*5t^T, ®2<£>« 
(±iirTa 2 0 5 ) £0. 5 m COJKJ?T-31«S Lt 7^ 

[0 0 6 1 ] [Hlfttf'j9] HifeWKC^^T, |20§ 
^^6 2 £rJ#J*-r5BS{C, PVDgiT', AIN^O, 

5 a m<nj&mx&m\^xffi&^&m*nmm£^mz.^ 

[ 0 0 6 2 ] [HJfeffiJ 1 0] IMfiff'Jl (-*3^r, pH'J=r 
hJI 1 3j#^», ^Oplfflay^^ hll 3cO_L 

A ho±£>ib, S i BMfcW It, Si0 2 ) J: "9 

&3fS 1 <^i£fiJJI6 1 £ 0 . 5^ mCO^^T'^J^i-^o 

y 7 h^h^SfelC «t K> . 7* h Is is A b SriSflfS** 

-fZZ.t I- X 0 . 0 1 (c) l-Tjk-TX ??£2 u m<ry^ f- 

wi i t^ic ir L/^f^^ra it ^ i ^ , mm 
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[oo63] immm n] M3 t$&mm<Di&<Dmmffl 

[ 0 0 6 4 ] (Sffc«!l^Sf*:£:ffi 4 ' ) ISflfctfiJ 1 

£ x — ^£BJgMO VP E^KJft^gSfttCi? y h U iS. 
S^l 0 5 OtCLT, TMG, Z V^--- T l \ T 
V K-^G a N^: 5 y raOlf T'^^^ 0 , 

ISI-G a ;* HC i &t/r — 
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